A library of N,N-substituted isoindigo derivatives were prepared by reaction of isoindigo with a variety of alkylating agents in the presence of MeONa under mild conditions in yields of 65-80%. A new, more efficient synthesis of (3Z,3 0 Z)-3,3 0 -(ethane-1,2-diylidene)bis(indolin-2-one) is described by reaction of oxindole with glyoxal at reflux in methanol-a small library of N,N 0 -substituted derivatives were also prepared in 60-70% yield.
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Introduction
Organic p-conjugated compounds are increasingly important as promising candidates in conductance, photonics, and magnetism due to their p-electronic communication. In particular, organic p-conjugated small molecules have been studied extensively because of their unique applications in optical and electronic materials [1, 2] . In this area, organic semiconductors are finding widespread use as replacements for their inorganic counterparts to develop their potential applications in flexible and low-cost organic opto-electronic devices, such as organic field-effect transistors (OFETs) [3] [4] [5] , organic photovoltaic (OPVs) [6] [7] [8] , and organic light-emitting devices (OLEDs) [9, 10] . A successful method to prepare of p-conjugated organic materials entails the creation of donor-acceptor (D-A) units, having both electron-donating and electron-withdrawing structures [11] . In this approach, a p-electron rich donor is combined with a p-electron-deficient acceptor, with the interaction of their frontier orbitals, reducing the effective bandgap [12] . Among them, perylene imides [13] , bithiophene imides [14] , naphthalenediimides [15] , and diketopyrroles [11, 16] have been extensively studied as polymeric donors and building blocks for donor-acceptor type molecular architecture in recent years. One amide/ imide acceptor employed to date is isoindigo which has attracted considerable attention as a useful building block
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to construct high-performance organic semiconductors [17] [18] [19] . The two fused, planar lactam rings adjacent to the aryl moieties endow the unit with a strong electron-withdrawing nature and represent a highly reactive conjugated system. This allows these molecules to be incorporated into materials for transistor applications due to their extended delocalised planar aromatic p-system, which may facilitate p-p stacking and enable high-charge carrier mobility [20] . Copolymers based on these nitrogen-containing electrondeficient dyes have been developed for organic solar cells [21] .
Results and discussion
In general, N-alkyl isoindigo compounds are prepared by the reaction of alkyl halides with isoindigo in the presence of potassium carbonate under thermal conditions (100°C) [22] . In addition, the reaction of haloalkyl isatins with tris(diethylamino)phosphine at low temperature (-60°C) forms isoindigo compounds with two haloalkyl functional groups [23] [24] [25] . Due to the widespread applications of substituted isoindigos, we investigated the breadth of N,N 0 -disubstituted analogs, with subsequent reactions to extend the catalog of possible derivatives-this included an array of chains or rings bearing bromo, chloro, nitrile, benzyl ether, allyl, alkene, cyclohexene, and cyclohexane. Further, we applied this strategy to the reaction with the p-extended conjugated compound, (3Z,3 0 Z)-3,3 0 -(ethane-1,2-diylidene)bis(indolin-2-one).
Therefore, to a stirred solution of isoindigo 1 sodium methoxide was added followed by the alkyl bromide, and after stirring at 45°C for 6 h, and upon workup, the N,N 0 -disubstituted isoindigos were isolated in 65-80% yield (Scheme 1).
In a typical example, analysis of the 13 C NMR spectra of compound 2m showed a resonance at d = 166.9 ppm assigned to the carbonyl group, confirming the molecular symmetry. Analysis of the 1 H NMR spectrum showed a doublet at 9.16 ppm with J = 8.0 Hz assigned to H4. For this compound, broad absorption bands with two maxima at 280 and 390 nm were observed in the UV-Vis spectrum. The structure of 2m was unambiguously confirmed by X-ray crystallographic analysis (Fig. 1) .
The substrate scope of substituted isoindigos was then further explored through the reaction of (E)- Molecules that contain a pyrimidine nucleus possess a wide range of biological activities and occur in living systems in the form of vitamins and nucleic acids [26] [27] [28] and, therefore, compound 8a (Scheme 4) was synthesised by reaction of 2e with 2-mercaptopyrimidine (7) in the presence of trimethylamine at 80°C for 4 h. Analysis of the 1 H NMR spectrum revealed a triplet at 6.93 ppm (J = 8.0 Hz) and a doublet at 8.47 ppm (J = 8.0 Hz), assigned to the pyrimidyl H5 0 and H4 0 /6 0 protons, respectively, whereas the 13 C NMR spectrum displayed the characteristic resonance at 166.8 ppm assigned to the isoindigo carbonyl, and a resonance at 156.1 ppm assigned to the pyrimidyl C2 0 . The HR-ESI mass spectrum showed a peak at m/z = 617.1768, assigned to the molecular formula C 32 H 30 N 6 O 2 S 2 and was indicative of the addition of two thiopyrimidine unit.
Sulfones can also possess interesting biological activity [29, 30] The isoindigo analog (3Z,3 0 Z)-3,3 0 -(ethane-1,2-diylidene)bis(indolin-2-one) (12) is an extended p-conjugate dimeric heterocycle in which two oxindole rings are connected by an ethylene. This structure is less rigid than isoindigo due rotational freedom in the single bonds. Its synthesis is reported as a two-step process (22 and 74% yield, 16% overall) [31] and its application as an attractive building block for conjugated photovoltaic polymers has been recently reported [32] . Therefore, we extended our isoindigo alkylation strategy to include the p-extended heterocycles 12. The synthesis of the parent structure was achieved by heating oxindole 11 with glyoxal in methanol at reflux producing 12 in 32% yield in a single step (Scheme 6).
Utilizing the same alkylation strategy, (3Z,3 0 Z)-3,3 0 -(ethane-1,2-diylidene)bis(indolin-2-one) 4 was reacted with a variety of alkyl halides to produce 13a-13c in yields of 60-70% (Scheme 7). Analysis of the 1 H NMR spectra of (3Z,3 0 Z)-3,3 0 -(ethane-1,2-diylidene)bis(1-isopropylindolin-2-one) (5a) showed a sharp singlet at 8.98 ppm, assigned to the two central olefinic protons in an s-trans configuration. Analysis of the FT-IR spectrum of 13a showed absorption at 1689 cm -1 assigned to the two carbonyl moieties and analysis of the UV-Vis spectrum showed two maximum absorptions at 228 and 386 nm for this red compound.
Conclusion
In summary, we have developed an efficient, high yielding, and attractive alkylation of isoindigo and its p-extended analog 12 with a range of alkylating agents using MeONa
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Design and synthesis of new functionalized isoindigo and (3Z,
as the base under mild conditions. Previous alkylation strategies for isoindigo relied on DMF solutions using K 2 CO 3 and heating to 100°C for up to 24 h-while these could produce reasonable yields [18] , our milder conditions with shorter reaction represents an improved strategy. The products are highly functionalized molecules, potentially amenable to further manipulations. Notably, the preparation of analog (3Z,3 0 Z)-3,3 0 -(ethane-1,2-diylidene)bis(indolin-2-one) (12) in 32% yield as a p-extended conjugated compound by condensation of oxindole with glyoxal compound represents a more efficient single step, higher yielding methodology using inexpensive reagents compared to that previously published. We are currently using this new method for the construction of new isoindigo derivatives with potential electronic, biological, and pharmaceutical activities.
Experimental
Reagents and solvents were purchased reagent grade and used without further purification except isoindigo [33] . All reactions were performed in standard oven-dried glassware General procedure for the preparation of 2
To a magnetically stirred solution of 131 mg isoindigo 1 (0.5 mmol) in 3 cm 3 DMF, 59.4 mg sodium methoxide solution (1.1 mmol) was added in 2 cm 3 DMF at room temperature. The reaction mixture stirred for 30 min, followed by the addition of the alkyl bromide (3 mmol) and the reaction stirred for 6 h at 45°C. The mixture was poured into 10 cm 3 H 2 O, extracted with 20 cm 3 CH 2 Cl 2 , dried (MgSO 4 ), and the solvent was removed under reduced pressure. The residue was subjected to silica gel column chromatography using hexane-ethyl acetate as eluent.
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Dark red powder; yield 80%; m.p.: 166°C. Spectroscopic data are in agreement with that reported [25] . 
0 -biindolinylidene]-2,2 0 -dione (2e, 0.3 mmol) and 132 mg sodium thiophenolate (3, 1 mmol) in 5 cm 3 DMF was stirred for 6 h at 70°C. The resulting mixture was extracted with CH 2 Cl 2 (2 9 10 cm 3 ), washed with 10 cm 3 water and the combined organic layers dried (MgSO 4 ) and concentrated. The residue was subjected to flash column chromatography (silica gel) using petroleum 6 .94 (td, J = 8.0, 0.7 Hz, 2H), 7.24 (td, J = 7.6, 1.0 Hz, 2H), 7.45 (t, J = 7.2 Hz, 4H), 7.52 (t, J = 7.1 Hz, 2H), 7.78 (t, J = 7.2 Hz, 4H), 9.02 (d, J = 7.9 Hz, 2H) ppm; 13 C NMR (100.6 MHz, CDCl 3 ): d = 24.4, 25.6, 27.0, 39.5, 55.9,  107.7, 121.5, 122.3, 127.9, 129.3, 129.9, 132.4, 133.3 
0 -dione (2e, 0.3 mmol), 167 mg 2-mercaptobenzothiazole (5, 1 mmol) and 101 mg triethylamine (1 mmol) in 6 cm 3 CH 2 Cl 2 was heated at reflux with stirring for 6 h. The solvent was removed under reduced pressure and the residue subjected to silica gel column chromatography using petroleum spirit-ethyl acetate (4:1) as eluent to give the dione 6a. 
